Abstract: Mechanical ventilation (MV) and ventilator strategies can induce or aggravate lung injury and may contribute to the development of distant organ failure, including the gastrointestinal tract. A retrospective cohort study was performed among 61 preterm infants, with a gestational age of 25-36 weeks, admitted at a neonatal intensive care unit. Intestinal permeability was measured by the sugar absorption test (SAT). Mechanically ventilated preterm infants were compared to not mechanically ventilated preterm infants. To analyze the effect of parameters of MV on intestinal permeability, we calculated the oxygenation index (OI). Intestinal permeability was not different in ventilated and not ventilated preterm infants within 48hr after birth. Although OI was < 10 in most of the infants, OI was positively correlated with the SAT, suggesting that the degree of MV was correlated with intestinal permeability.
INTRODUCTION
Mechanical ventilation (MV) and ventilator strategies can induce or aggravate lung injury and may also contribute to the development of distant organ failure, including the gastrointestinal tract [1] . The barrier function of the gastrointestinal tract is amongst others reflected by intestinal permeability of macromolecules. Increased intestinal permeability can have negative effects, such as increased uptake of infectious agents leading to the development of infection, inflammation, and systemic hypersensitivity [2] . The mechanisms by which MV exert the effects on distant organs remain poorly understood. One possible effect of MV on the gastrointestinal tract is to increase the intestinal permeability, thereby promoting the translocation of bacteria or their products into the circulation. Various pro-inflammatory mediators, like tumour necrosis factor-alpha (TNF-), nuclear (transcription) factor (NF-) and interleukin-6 (IL-6), that have been shown to increase during MV, are known to influence the tight junctions in the gastrointestinal tract [3] [4] [5] [6] . This suggestion is supported by an experimental study of Guery et al., who observed that high tidal volume ventilation resulted in an increase in lung oedema and gut permeability, which could be reversed by the administration of TNF neutralizing antibodies [7] . These observations suggest that the degree of MV is related to gut permeability. In our study, we use oxygenation index (OI) as a parameter of the degree of MV. OI reflects the ventilatory response, incorporating mean airway pressure and oxygen requirement, and is considered an appropriate parameter to reflect pulmonary status in ventilated patients [8] . With high ventilator settings, the probability of ventilator-associated lung injury increases. High OI results from higher ventilator settings. Recently, Bayrakci et al. showed that a high OI was a significant predictor for the development of chronic lung disease [9] . Previously, we showed that intestinal permeability is not related to gestational age or birth weight in preterm infants (25-36 weeks gestation) [10] . Furthermore, a sharp decline in intestinal permeability was found in the first week of life. Although we found no difference between so called "critically ill" infants, defined as infants on a ventilator, suffering birth asphyxia or small for gestational age, and healthy preterm infants, we did not investigate the role of MV or parameters of MV at that time. To our knowledge, the effect of MV on intestinal permeability in preterm infants has not been studied before.
Aims of this study were to compare intestinal permeability, as measured by the sugar absorption test (SAT), in preterm infants who were mechanically ventilated within 4 hours after birth and in preterm infants who were not ventilated after birth. In addition, to determine the correlation between intestinal permeability and ventilation strategies reflected by the oxygenation index in the ventilated preterm infants.
MATERIALS AND METHODOLOGY
Patients: A retrospective analysis of the patients, who had been included in a previously published prospective study at the neonatal intensive care unit of the Isala Clinics Zwolle was performed [10] . The hospital medical ethics committee of the Isala Clinics Zwolle approved the study.
Written informed consent was obtained from the parents of all included infants.
In the present study only preterm infants, defined as a gestational age < 36 weeks, were included. The preterm infants were divided in two groups. A control group consisted of preterm infants without RDS who were not ventilated at any time before the SAT was performed, and preterm infants with RDS who were intubated and mechanically ventilated within 4 hours after birth (MV group) and were still ventilated at the time of the SAT. Study infants received MV, either synchronized mandatory and/or positive pressure ventilation (SIMV and SIPPV respectively) in the first week of life. Infants with high frequency oscillatory ventilation or with necrotising enterocolitis were excluded. Perinatal data including maternal antibiotic use, apgar scores, gestational age, birth weight, the feeding regime, incidence of sepsis and necrotising enterocolitis, and mortality were retrieved from the medical records.
Methods:
Intestinal permeability was measured by the SAT [10] . Briefly, 6-hour urinary excretion of lactulose and mannitol was measured by gas chromatography after instillation by nasogastric tube of 2ml/kg of the sterile test solution containing 250 mg lactulose and 100 mg mannitol per 5 ml water. Fasting before the test was not necessary. As a preservative, 0.1ml chlorohexidine digluconate 20% was added to the urine. Urine volume was measured and samples stored at -20˚C. Lactulose (L) and mannitol (M) (mmol/mol creatinine) were measured by gas chromatography and the L/M ratio was calculated. Between 24-48 hours after birth, the SAT was performed and ventilator settings were retrieved: mean airway pressure (MAP), positive inspiratory peak pressure (PIP), positive end-expiratory pressure (PEEP), inspiration and expiration time, flow, and inspiratory oxygen fraction (FiO 2 ). In addition, blood gas analysis values (pH, pCO 2 , HCO 3 , base excess and pO 2 ) were retrieved. To analyze the effect of parameters of MV on intestinal permeability, we calculated the OI (if arterial blood gas samples were available) and correlated this parameter with the SAT. OI was calculated on the basis of the ventilator settings prior to the SAT. The following equation was used: OI = FiO 2 *MAP/PaO 2 Statistical analysis: All data are expressed as mean (SD) unless indicated otherwise. Data were analysed with SPSS 12.0 (SPSS Inc, Chicago, Illinois, USA), using the nonparametric Mann Whitney U test, for comparing intestinal permeability of the groups and linear regression analysis for the effect of OI on intestinal permeability. One-way ANOVA with posthoc analysis and Bonferroni correction were used to compare the group characteristics. A p value < 0.05 was considered statistically significant.
RESULTS
In total, 61 infants were included, of whom 21 were mechanically ventilated ( Table 1) . The MV group differed from the controls by a lower gestational age (GA) and lower Apgar score at 5 min. There was no significant difference in baseline characteristics of the studied infants in sex, birth weight, umbilical cord pH, sepsis or infection, maternal use of antibiotics or maternal dexamethason. All mechanically ventilated infants were ventilated primarily for neonatal lung diseases, of which respiratory distress syndrome (RDS) accounted for 86% and wet lung (also known as transient tachypnea of the newborn caused by incomplete removal of liquid from the lungs in the newborn at birth with symptoms such as grunting, retractions, and sometimes cyanosis, symptoms which usually resolves within 3 days after birth) for 5%. At the time of SAT, the ventilator setting in the MV group were PIP 18 ± 4 cm H 2 0, PEEP 4 ± 1 cm H 2 0 and FiO 2 0.40 ± 0.15. In the control group, none of the control infants received supplemental oxygen.
Sugar absorption test (SAT):
The SAT was performed at a mean (SD) postnatal age of 33.1 ± 7.2 and 33.6 ± 6.1 hours in the MV and control group, respectively. The median L/M ratio was not different in the MV and control group (p=0.37), also after correction for gestational age and for Apgar score at 5 min ( Table 1) . Because most infants were fed a mixture of mother's milk and preterm formula in the first days of life, we were unable to determine the influence of the type of enteral feeding on intestinal permeability.
The correlation between intestinal permeability (L/M ratio) and the OI is shown in Fig. (1) . A significant correlation between OI and L/M ratio was found (after correction for gestational age and Apgar score at 5 min, standardized coefficient Beta 0.57, p<0.02) (Fig. 1) .
OI at the time of SAT was 5.9 ± 4.9. Additional analysis revealed that the positive correlation between OI and L/M ratio was mainly due to permeability of lactulose. Permeability of lactulose differed from permeability of mannitol by a consistent rise in response to MV (Beta 0.59, p<0.02 and Beta 0.27, p=0,31, respectively).
DISCUSSION
We found a positive correlation between the OI and L/M ratio, indicating that the degree of MV correlated with intestinal permeability. We could not contribute this correlation to differences in co-morbidities between the groups. However, in contrast to our expectations, MV did not increase the intestinal permeability in preterm infants. The L/M ratios were comparable among the groups.
In preterm infants, OI reflects the severity of the RDS [8] . Bayrakci et al. suggest that it is better to consider ECMO than conventional ventilation modalities to reduce the risk of developing chronic lung disease by high OI [9] . The OI levels in our NICU population are lower than the OI levels in the PICU population of Bayrakci [9] , but better reflect the OI levels in a general NICU without ECMO facilities. Despite this fact, we did find a strong correlation with intestinal permeability. If we had included infants with more severe lung disease, and consequently with higher OI levels, the effect of OI and mechanically ventilation itself on intestinal permeability may have been more pronounced.
The mechanism by which MV may exert its effect on the gastrointestinal barrier remains unanswered. In this study, first, the positive correlation between the OI and the L/M ratio was mainly due to the permeability of lactulose. Lactulose is suggested to pass the small bowel mainly by the tight junctions [11] . Recently, it has become clear that factors, like oxidative stress, tumour necrosis factor-alpha (TNF-and interleukin-6 (IL-6), were found to influence these tight junctions [3] [4] [5] [6] . Second, it is known that MV induces a pulmonary inflammatory reaction, which depends on the degree of MV [12] . These lung-born inflammatory mediators, like TNFand IL-6, spill over in the systemic circulation thereby causing a systemic inflammatory response syndrome and may thus possible affect the gastrointestinal barrier [1, 13, 14] . Third, the pathophysiology of RDS also includes pulmonary and systemic inflammatory reaction [15] . Yulug et al. recently showed that one-lung ventilation causes significant tissue damage in the ileum of rats, with an increase in myeloperoxidase (MDA) and malondialdehyde (MPO) concentration, and histopathological changes of the ileum [16] . MDA is a marker of oxidative stress-mediated lipid peroxidation. Lipid peroxidation is believed to be an important cause of destruction and damage to cell membranes, leading to changes in membrane fluidity and permeability. MPO plays a role in oxidant production by neutrophils. Neutrophils are a potential source of oxygen free radicals, considered to be important in tissue damage and play a role in effects of oxidative stress. The increase in MDA and MPO activity suggests oxidative stress as a cause of the ileum tissue damage. Future studies should address these issues.
The results of our study are potentially clinically relevant despite the limitations of our study, i.e. retrospective design of the study, which may lead to incomplete data and does not allow a power analysis, and the absence of data on inflammatory mediators or markers for oxidative stress. Furthermore, during the study period all infants were ventilated in a pressure controlled mode, but data on tidal volumes were not routinely recorded. Correlation of tidal volumes with intestinal permeability would have been interesting in the current concept that ventilator-induced lung injury is primarily caused by administration of high tidal volumes [1, 17] . It is known that the intestinal permeability is increased in critically ill patients [18, 19] . Also the development of multiple organ dysfunction is associated with an increased intestinal permeability. Since most critically ill patients require mechanical ventilation, it is important to confirm our preliminary findings that the degree of MV may be an independent factor to influence intestinal permeability.
CONCLUSION
Intestinal permeability was not different in ventilated and not ventilated preterm infants within 48hr after birth. However, the OI was positively correlated with the SAT, suggesting that the degree of MV was correlated with intestinal permeability. Further studies are necessary to confirm our findings. 
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